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Motivation 











Low cost, short 









Trajectory models are required for traffic management study
Outline 
• Approach
• General trajectory model











Neural Network Trajectory Model
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20 hidden nodes 6 outputs






























 𝑥 + 𝜔𝑒
−(cos𝜙 sin 𝜃 cos𝜓 + sin𝜙 sin𝜓)𝐹𝑧/𝑚
 𝑦 + 𝜔𝑛
(− cos𝜙 sin 𝜃 sin𝜓 + sin𝜙 cos𝜓)𝐹𝑧/𝑚









𝑘𝑝 𝑥𝑑 − 𝑥 + 𝑘𝑑(  𝑥𝑑 −  𝑥)













𝑘𝑝,𝜙 𝜙𝑑 − 𝜙 + 𝑘𝑑,𝜙(  𝜙𝑑 −  𝜙)
𝑘𝑝,𝜃 𝜃𝑑 − 𝜃 + 𝑘𝑑,𝜃(  𝜃𝑑 −  𝜃)
𝑙
𝑘𝑝,𝜙 = 4.5, 𝑘𝑑,𝜙 = 0.5, 𝑘𝑝,𝜃 = 4.5, 𝑘𝑑,𝜃 = 0.5, 𝑘𝑝 = 7.5, 𝑘𝑑 = 4.2
Training Setup














Desired ground speed 2,5,8,11,12,13,14,15 m/s
Cross wind speed 3-5 selected values in [1.0, 9.5] m/s
Training Performance: Forward-position Errors
Error: 
differences between target 
outputs and NN generated 
outputs







Position Error in Spatial Dimension
Position Error in Temporal Dimension





• All errors are smaller than 2 m
• Spatial errors are smaller than temporal errors
MAE – Maximum Absolute Error
• Forward speed error increases with the vehicle speed
• Lateral speed error increases with the cross wind speed
Vehicle ground speed increases
Cross wind speed increases
Summary
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• Proposed a Neural Network based approach for UAV trajectory
prediction
• Conducted experiments using a sample vehicle trajectory model




• Perform experiments using data collected from flight tests
• Extend the application to vertical direction
• Explore different machine learning methods and setups
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Email: min.xue@nasa.gov
Questions?
